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Abstract: Periodic structures, or lattices, have proven to be one of the most enabling 
technologies of the 21st century. They allowed us to make objects invisible, to manipulate light 
and sound like we do electricity in computer chips, to dramatically reduce size and weight of 
structures while maintaining mechanical strength, and appear to break fundamental laws of 
physics. Despite these accomplishments, profound physical mechanisms still remain hidden 
inside the lattices that have yet to be effectively utilized. Electromagnetic fields cannot be 
manipulated inside homogeneous media. There must exist an interface, a gradient, or some form 
of inhomogeneity. Uniform lattices can be compared to homogeneous media that have limited 
usefulness. To unlock the hidden physics, lattices must be made macroscopically 
inhomogeneous without also unintentionally deforming the unit cells. Bending, twisting, and 
otherwise spatially varying a periodic structure in this manner requires impossible geometries, so 
until recently it has only been accomplished in simple and canonical configurations. A 
breakthrough by the EM Lab at the University of Texas at El Paso has led to a method for 
generating spatially-variant lattices (SVLs) without unintentionally deforming the unit cells, thus 
preserving their electromagnetic properties. Using this tool, the EM Lab is exploring new 
physics enabled by SVLs. In collaboration with the Kuebler Lab at the University of Central 
Florida, a spatially-variant photonic crystal (SVPC) was designed that achieved the tightest bend 
of optical beam ever reported in the literature. This was accomplished using an inexpensive 
material with low refractive index (n = 1.59). In other work, the EM Lab showed that a 
spatially-variant anisotropic metamaterial (SVAM) can be used to electromagnetically decouple 
two electrical components placed in close proximity. This talk will discuss the algorithm for 
generating SVLs as well as some of the new device concepts it has enabled so far. 
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SPATIALLY VARIANT LATTICES (SV LS) 
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3RD DIMENSION 
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WHAT IS A SPATIALLY VARIANT LATTICE? 





WHAT CAN BE SPATIALLY VARIED? 


• ORIENTATION OF UNIT CELLS 


e LATTICE SPACING 
e FILL FACTOR 


e PATTERN WITHIN THE UNIT CELL 


e MATERIAL COMPOSITION 
e SYMMETRY 


e EVERVTHINGW 
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SVL ALGORITHM 


SPATIALLY- VARIANT PLANAR GJRATINGS 
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SYNTHESIS PROCEDURE FOR PLANAR 
CIR ATINGS 
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SYNTHESIS PROCEDURE FOR PLANAR 
CIR ATINGS 


Step 2 of 5: 
Calculate Spatially-Variant K-Function 
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SYNTHESIS PROCEDURE FOR PLANAR 
CIR ATINGS 


otep 3 of 5: 
n Calculate Grating Phase 
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SYNTHESIS PROCEDURE FOR PLANAR 
CIR ATINGS 


Step 4 of 5: 
Calculate Analog PSV Grating 
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SYNTHESIS PROCEDURE FOR PLANAR 
CIR ATINGS 


Step 5 of 5: 
Calculate Binary PSV Grating 
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GENERALIZATION TO ARBITRARY LATTICES 
(1 OF 2) 
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GENERALIZATION TO ARBITRARY LATTICES 


(2 OF 2) 
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H. C. Rumpf, et al "Spatially-Variant Periodic Structures in 
Electromagnetics," Phil. Trans. R. Soc. A 373, 2014.0359, July 2015. 
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ARRAYS ON CURVED SURFACES 
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Vasic, Borislav, et al. "Controlling electromagnetic 


fields with graded photonic crystals in metamaterial 


Minatti, Gabriele, et al. "A circularly-polarized 
isoflux antenna based on anisotropic metasurface." 


IEEE Transactions on Antennas and Propagation 


60.11 (2012): 4998-5009. 


regime." Optics express 18.19 (2010): 20321-20333. 
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CLOAK EXAMPLE 


‘TRANSFORMATION OPTICS 
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CLOAK EXAMPLE 


DIAGONALIZE TENSORS 








CLOAK EXAMPLE 
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CLOAK EXAMPLE 
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ARBITRARILY SHAPED CLOAK 


BENEFITS OF SPATIAL VARIANCE: 
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SPATIALLY- VARIANT 
PHOTONIC CRVSTALS 


SELF-COLLIMATION VS. GRADED-INDEX 


Ayla 
C — 
o O 


E: 
យ 


0.5 


0.4 


0.3 


0.2 


> 
Q 
>» 
Q 
c 
4 
= 
២ 
ሷጋ 
Qui 
LL. 
"С? 
4 
N 
T 
СӘ 
E 
a 
O 
7 


ርጋ 
— 








SLIDE 28 


BENDING A SELF-COLLIMATING LATTICE 
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BEAMS THROUGH AN SVPC 


Uniform Lattice Bent Lattice 
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WORLDS TIGHTEST UNGUIDED BEND 


e BEND RADIUS WAS 6 A,, 


e [OW REFRACTIVE INDEX 
(SU-8, n = 1.59). 
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J. L. Digaum et al "Tight Control of Light Beams in Photonic Crystals with Spatially- 
Variant Lattice Orientation," Optics Express, Vol. 22, Issue 21, pp. 25788-25804, 2014. 
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1550 NM SVPC 
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A SHARP DOUBLE BEND 
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OPTICAL HIGH-SPEED INTERCONNECTS 
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FIELD SCULPTING 











Raymond C. Rumpf "Engineering the Dispersion and Anisotropy of Periodic 
Electromagnetic Structures," Solid State Physics, Vol. 66, pp. 213-300, 2015. 
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C. R. Garcia, J. Correa, D. Espalin, J. H. Barton, R. C. Rumpf, R. Wicker, V. Gonzalez, "3D 
PA Printing of Anisotropic Metamaterials,' PIER Lett, Vol. 34, pp. /5-82, 2012. 
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MICROSTRIP DECOUPLED FROM METAL 
OBJECT IN CLOSE PROXIMITV 
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VISION FOR 3[) PRINTED CIRCUITS AND 
ELECTROMAGNETIC SYSTEMS 





VISION FOR 31) PRINTED CIRCUITS AND 
ELECTROM AGNETIC SYSTEMS 






22 E 
SVAM INE 7 | 





ል 


LIDE 44 


CONCLUSION 


e SPATIALLY-VARIANT LATTICES PRESERVE ELECTROMAGNETIC 
PROPERTIES 


° SVLS ENABLE MANY DEVICE CONCEPTS 
— PERIODIC STRUCTURES ON CURVED SUR FACES 
— CLOAKING AND INVISIBILITY 
— SPATIALLY VARIANT PHOTONIC CRYSTALS 
— SPATIALLY VARIANT ANISOTROPIC METAMATERIALS 
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